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Abstract
The aim of the study was to evaluate the antibacterial and cytotoxic activities of acetone and ethanol extracts of
A. catechu L. Antibacterial activity was tested against selected gram positive bacteria of Staphylococcus aureus,
Micrococcus species and gram negative Pseudomonas aeruginosa, Salmonella typhi, Salmonella paratyphi,
Escherichia coli, Vibrio cholera using well diffusion assay. Acetonic extract showed better antibacterial activity
against E. coli (20.83 mm for 100 μl/well), S. typhi (20.17 mm for 100 μl/well), S. aureus (20.17 mm for 100 μl/well).
The ethanolic extract showed better antibacterial activity against P. aeruginosa (18.17 mm for 100 μl/well), S.
paratyphi (17.67 mm for 100 μl/well), Micrococcus species (19 mm for 100 μl/well). Minimal inhibitory
concentration (MIC) and minimal bacterial concentration (MBC) values were determined by using broth macro
dilution assay which supports antibacterial potency of the extracts. Cytotoxicity was determined by brine shrimp
lethality assay: both extracts showed moderate cytotoxicity compared to vincristine sulphate (with LC 50 of 0.99
μg/ml). The acetonic extract showed more cytotoxicity than the ethanolic extract with LC 50 values of 17.021
(μg/ml) and 20.136 (μg/ml). These findings are correlated with traditional medicinal uses of A. catechu and
showed rationale for further investigation for screening out the possible bioactive constituents.
Keywords: Areca Catechu L., Betel Nut, Antibacterial Assay, Cytotoxicity, Brine Shrimp Lethality Bioassay.
Introduction
Areca catechu Linn is commonly known as betel nut and belongs to the family Arecaceae. It is commonly found
in tropical and subtropical countries [1]. Many parts of the betel nut tree are used in traditional medicine as an
herbal medicine with good diuretic, digestion-promoting, and anti-parasitic properties [2], anti-aging functions
[3], stimulatory effect [4], antiovulatory and abortifacient effects [5], analgesic and anti-inflammatory effect [68], anti-allergic effects [9], blood glucose and lipids regulatory effects [10], antiplatelet effect [11], antimalarial
and antimicrobial activites [12-13], antihyperglycemic activity [10, 14], burn wound healing capacity [15], and
silver nanoparticle synthesis capacity[16]. The raw areca and charred betel nuts are the most common clinically
used forms. The nut is used extensively as a narcotic in the Asia-Pacific region and in Asian communities
elsewhere [17-22]. It is chewed with the leaf or in Xorescence of Piper betel (Piperaceae), lime and sometimes
tobacco and spices, principally as a mild stimulant [4]. Its geographical origin is unknown, but it is widely
cultivated and is used by an estimated 200–400 million people worldwide [23]. Traditionally, A. catechu has
commonly been used to kill parasites and promote digestion. Currently, the areca nut is commonly used as the
main traditional Chinese medicine (TCM) for the treatment of various gastrointestinal diseases (including
abdominal distension, dyspepsia, dysentery, and constipation), parasitic diseases, and edematous disease, in the
forms of powders, decoctions or infusions [2, 24].
To determine antibacterial activity of a substance there are a number of methods available. Majority of the
researchers use one of the following in vitro assays: disc diffusion, broth dilution, and agar dilution method to
determine antibacterial activity [25]. The test systems should ideally be simple, rapid, reproducible, and
inexpensive and maximize high sample throughput in order to cope with a varied number of extracts and
fractions [26-27]. To maximize high sample throughput and varied number of extracts and fractions, agar well
diffusion is the reliable technique. And to determine cytotoxic activity, ‘brine shrimp lethality assay’ can be used
[28] which has a correlation with cytotoxic activity on tumours in the human body.
The objective of this study was to investigate out the antibacterial potentiality and cytotoxic activity of crude
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extracts of A. catechu to establish scientific relevance of the uses of A. catechu in traditional medicine.
Materials and Methods
Collection of seeds
Dry Areca catechu were purchased from the local market of Dumuria, Khulna, Bangladesh.
Preparation of sample/extract
The collected seeds were washed thoroughly two to three times with distilled water. Washed seeds were dried
under sunlight naturally for 3 to 4 days. Hot water extraction methodologies were followed to obtain crude
extracts from A. catechu. Five hundred gm fresh Areca catechu nut was collected and turned into powder through
grinding. Fifty gm of sample powder was taken and soaked into 100 ml of pure ethanol and also in 100 ml of
acetone. They were kept into water bath for 2 hours at (50-55) ◦ C. Then the contents were filtrated through
Whatman filter paper. The filtrates were evaporated by rotary evaporator, then air dried. The air dried extracts
were weighted and 13.36 gm of extracts were obtained from acetonic and 4.48gm from ethanolic extraction.
Antibacterial screening
Antibacterial screening of crude extracts was tested by the agar disc diffusion method. Seven pathogenic
bacterial strain including five gram- negative and two gram-positive bacteria were chosen for antibacterial
screening test (Table 1). They were maintained on nutrient agar media by streak plate method [29]. Agar well
diffusion method is widely used to evaluate the antimicrobial activity of plants or microbial extracts [30-32].
Nutrient agar plate was prepared by pouring 25 ml nutrient agar media into Petri plates (100mm x 15 mm). The
agar plate surface was inoculated by spreading a volume of the microbial inoculum over the entire agar surface
(1.11 to 2.17 x 108 cfu/ml). Then, holes/wells with a diameter of 6 to 8 mm is punched aseptically with a sterile
cork borer. Sample wells were filled with extracts of different volumes (50 μl and 100 μl), standard wells (positive
control) were filled with antibiotic ciprofloxacin (15 μl) and the negative control wells were kept empty. The
plates were then normally (not inverted) kept in refrigeration for about 24 hours at 4°C. This was sufficient for
the materials to diffuse into a considerable area of the medium. Finally the plates were incubated normally as
before at 37°C for 18-24 hours. After incubation, the antibacterial activity of the test samples were determined
by measuring the diameter of zone of inhibition in term of millimeter with a transparent scale.
Table 1. List of bacteria
Gram positive(+ve)

Gram negative(-ve)
Vibrio cholera

Staphylococcus aureus

Salmonella paratyphi

Micrococcus sp.

Escherichia coli
Salmonella typhi
Pseudomonas aeruginosa
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Cytotoxic Screening
Brine shrimp lethality bioassay is an extensively used development in the assay procedure for the bioactive
compounds and natural product extracts, which indicates cytotoxicity as well as a wide range of pharmacological
activities e.g, anticancer, antiviral, pesticidal etc. [33]. The larvae (nauplii, singular nauplius), about 22 mm long,
are large enough to observe without high magnification and small enough for hatching in enormous amount
without extensive workspace in a laboratory. The hatched shrimps were stored in a suitable environment in the
dam attached to a lamp and then they were taken for the bioasaay. One hundred clean test tubes were taken,
14 of which were for the samples in seven different concentrations (two test tubes for each concentration), 14
for positive control (two test tubes for each concentration) and 2 for negative control. Then 4ml of seawater was
given to the test tubes.
With the help of the micropipette specific volumes (5, 10, 20, 40, 80, 160 and 320 μl) of samples were transferred
from the stock solutions to the test tubes. Different concentration of choloram phenicol (5, 10, 20, 40, 80, 160
and 320 μl) were taken in the rest of the 14 test tubes which were used as positive control and finally the volume
was maintained at 10ml in each test tube (sample, positive control and negative control) using sea water. So,
the concentration of samples became 2.5, 5, 10, 20, 40, 80 and 160 μg/ml respectively. Finally with the help of a
Pasteur pipette, 10 live shrimp’s nauplii were taken into each of the test tubes [34]. After 24 hours the test tubes
were observed to count mortality and a graph of percentage of mortality and log concentration was plotted
and median lethal concentration (LC50) were calculated by using statistical analysis. Tests of acetonic and
ethanolic extracts were done in triplicates to get a reliable result.
Results
Antibacterial assay
Acetonic extract of A. catechu
Acetonic extract showed the maximum zone of inhibition against three bacteria, E. coli, S. aureus and S. typhi
respectively. Among these three, maximum zone was observed for E. coli (20.83 mm avg.). And maximum zone
for these three were around 20 mm. On the other hand, minimum zone of inhibition was observed for P.
aeruginosa (15.50 mm avg.). Positive control wells showed zone of inhibition around 30 mm for all those tested
bacteria (Table 2, Fig. 1 and 2)
Table 2: Antibacterial activity of acetonic extract of A. catechu.

S/L
No

Zone of inhibition of test sample
(mm+standard deviation)

Zone of Inhibition of positive and
negative control

Absolute acetone

(mm ± standard deviation)

Name of Bacteria

50μl/well

100μl /well

Positive control(15μl
/well)

Negative
control

01

P. aeruginosa

12.00±0.50

15.50±0.50

30.00±1.00

n.d

02

S. paratyphi

13.17±0.76

18.17±0.76

29.00±1.00

n.d

03

Micrococcus sp.

13.50±0.50

17.33±1.53

30.17±1.04

n.d

04

S. Aureus

17.17±1.26

20.17±1.04

30.67±1.53

n.d

05

S. Typhi

16.17±0.76

20.17±0.76

31.50±0.50

n.d

06

E. Coli

17.50±0.50

20.83±1.26

29.50±0.50

n.d

07

V. cholerae

10.17±1.04

18.00±1.00

32.00±2.00

n.d
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Antibacterial Activity of Acetonic Extract
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Figure 1. Evaluation of antibacterial activity of acetonic extract of A. catechu (Bacteria vs Zone of inhibition in
millimeter).

Figure 2. Antibacterial activity of acetonic extract of A. catechu against P. aeruginosa and S. aureus.
Ethanolic extract of A. catechu
Ethanolic extract showed the maximum zone of inhibition against Micrococcus sp. (19 mm avg.). On the other
hand, minimum zone of inhibition was observed for P. aeruginosa (15.50 mm avg.). Positive control wells showed
zone of inhibition around 30 mm for all those tested bacteria. Maximum for V. cholera (31.17 mm avg.) and
minimum for E. coli (28.17 mm avg.) (Table 3, Fig. 3 and 4). The statistical p-value showed the significance for
tested organisms (Table 4). The extracts showed good zone of inhibition (p<0.05) against the tested microbes.
The variation of the result may be due to the potentiality to extract out molecules by acetone and ethanol,
respectively.
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Table 3. Antibacterial activity of ethanolic extract of A. catechu.

S/L No

Zone of inhibition of test
sample

Zone of Inhibition of positive and
negative control (n=2)

(mm ± standard deviation)

(mm ± standard deviation)

Absolute Ethanol

Name of Bacteria

50μl/well

100μl/well

Positive control
(15μl /well)

Negative
control

13.5±0.50

18.17±0.76

29.83±0.76

n.d

13±1.00

17.67±0.76

31±1.00

n.d

01

P. aeruginosa

02

S. paratyphi

03

Micrococcus sp.

12.83±0.76

19±1.00

31.5±1.50

n.d

04

S. Aureus

12.5±0.50

15.50±0.76

30.5±0.50

n.d

05

S. Typhi

13.67±0.76

16.83±0.29

30.5±0.50

n.d

06

E. Coli

12±1.00

16.17±0.76

28.17±0.76

n.d

07

V. cholerae

13.5±0.50

16.67±0.58

31.17±0.76

n.d

Antibacterial Activity of Ethanolic Extract
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Figure 3. Evaluation of antibacterial activity of ethanolic extract of A. catechu (Bacteria vs Zone of inhibition in
millimeter).
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Figure 4. Antibacterial activity of ethanolic extract of A. catechu against P. aeruginosa and S. paratyphi.
Table 4. Result of significance test (p < 0.05) for mean of zone of inhibition at two different volumes.
Statistical analysis
Bacteria

Absolute acetone
t-value

p-value

Absolute ethanol

Significant

t-value

p-value

(yes/no)

Significant
(yes/no)

P. aeruginosa

8.5732

0.0010

yes

8.8544

0.0017

yes

S. paratyphi

8.0178

0.0013

yes

6.4236

0.0038

yes

Micrococcus sp.

4.1309

0.0384

yes

8.4884

0.0014

yes

S. Aureus

3.1820

0.0351

yes

4.4272

0.0159

yes

S. Typhi

6.4143

0.0030

yes

7.7782

0.0076

yes

E. Coli

4.2640

0.0310

yes

5.7354

0.0056

yes

V. cholerae

9.4000

0.0007

yes

7.1813

0.0022

yes

Minimal inhibitory concentration (MIC) and minimal bactericidal concentration (MBC) assay
The tubes were allowed to incubate overnight. Broth tubes that appear turbid are indicative of bacterial growth
[35] while tubes that remain clear indicated no growth. The MIC of the antibiotic is the lowest concentration that
does not show growth. MIC is the lowest concentration of extract that prevent bacterial visible growth.
The resultant MIC test tubes are used for MBC test and showed the concentration of the antibacterial where it
killed around 99% of the bacteria in the growth tube (Table 5).
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Table 5. Minimal inhibitory concentration (MIC) and minimal bactericidal concentration (MBC) of ethanolic and
acetonic extracts of A. catechu.
Bacteria

Acetonic extract

Ethanolic extract

MIC (μg/ml)

MBC (μg/ml)

MIC (μg/ml)

MBC (μg/ml)

P. aeruginosa

2.5

5.0

1.25

2.5

Micrococcus sp.

1.25

2.5

0.625

1.25

S. Aureus

0.625

1.25

2.5

5.0

E. Coli

0.625

1.25

1.25

2.5

Cytotoxic activity related assay
Brine shrimp lethality bioassay
Based on the lethality of brine shrimp the cytototoxicity effect of the crude extract of A. catechu showed
moderate lethality indicating the biological activity of the compound present in the extract. Test samples are
showed different mortality rate at different concentrations. The mortality rate of brine shrimp was found to be
increased with the increase in concentration of the sample and plot of percent mortality versus different
concentrations of extracts on the graph paper produced an approximate linear correlations at which 50%
mortality (LC50) of brine shrimp naupli occurred were obtained by extrapolation. The ethanolic extract of A.
catechu seeds has the highest value LC50 of 20.1358 μg/ml. On the other hand acetonic extract of A. catechu
seed has the lowest value LC50 of 17.0208 μg/ml. The lower the LC50 value higher the activity. So acetonic extract
of seed has higher cytotoxicity effect than the ethanolic extract (Table 6, 7 and 8; Fig. 5, 6). In Fig. 7 hatching
of brine shrimp is shown.
Table 6. Cytotoxic effect of the acetonic extract and ethanolic extract.
Mortality (%)
For Acetonic
Extract

LC50
(μg/ml)

2.5

0.39

5

5

5

0.70

15

20

10

1.00

55

20

1.30

60

40

1.70

80

80

1.90

95

95

160

2.20

100

100

17.0208

Mortality (%)
For Ethanolic
Extract

45
70
85

Table 7. Cytotoxic activity of vincristine sulphate.
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Concentration (μg/ml)

LogC

% Mortality

0.06

-1.22

15

0.12

-0.903

25

0.25

-0.602

35

0.50

-0.30

45

1.00

0

55

5.00

0.7

60

10.00

1.0

80

LC50 (μg/ml)

0.997

Table 8. Regression equation and value of R2 of ethanolic, acetonic extract A. catechu and vincristine sulphate.
Sample

Regression equation

R2

Acetone

y = 55.765x-13.843

0.9526

Ethanol

y = 56.361x-13.189

0.9598

Vincristine sulphate

y= 26.575x+50.03

0.9565
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Figure 5. Log concentration of acetonic extract of A. catechu (extract vs percent shrimp mortality).
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Figure 6. Log concentration of ethanolic extract of A. catechu (extract vs percent shrimp mortality).

Figure 7. Hatching of Artemia salina leach
Discussions
The antiseptic qualities of aromatic and medicative plants and their extracts are recognized since antiquity,
whereas the attempts to characterize these properties within the laboratory were initiated to the first decenary
[36-37]. Pharmaceutical and scientific communities have proved therapeutic worth of natural compounds and
validated their biological activity [38-39]. Profuse use of economic antibiotic and artificial pesticides for human
and crop protection is harmful to human health, system and atmosphere. This has enabled exploitation of
medicinal plants for the treatment of microbial infections of both plants and humans by developing new
antimicrobial agents [13]. To prevent or cure infectious conditions, traditional healers have long used plants.
Western medicine is trying to duplicate their successes. Plants have been found to have antimicrobial properties
in vitro because they are rich in a wide variety of secondary metabolites, such as tannins, terpenoids, alkaloids,
and flavonoids [40]. The compounds having phenolic structures, such as carvacrol, eugenol and thymol, were
highly active against the test microorganisms. Members of this class are known to be either bactericidal or
bacteriostatic agents, depending upon the concentration used [41]. Aqueous extracts of the A. catechu contains
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major alkaloid arecoline and the components tannic acid and catechin of its tannin fraction. The antibacterial
properties of the above were tested on Streptococcus mutans, Streptococcus salivarius, Candida albicans and
Fusobacterium nucleatum and, as a control, Staphylococcus aureus. After chewing boiled A. catechu, its effect
was examined on salivary organisms cultured from the saliva. Extracts inhibited the growth of the selected
organisms in a concentration dependent manner [42]. This study supports that providing scientific proof of
using A. catechu as antibacterial agents.
The acetonic extract showed maximum zone of inhibition against gram negative bacteria E. coli, S. typhi and
gram positive bacteria of S. aureus. The diameter of zone of inhibition found against these three can be evaluated
as the extract showed succeptible result against the growth of this three organisms. The extract also showed
good zone of inhibition (p < 0.05) against other tested microbes including gram positive bacteria. The possible
causes of excellent potentiality showed against gram positive bacteria due to the presence of outer membrane
of gram negative bacteria which act as barrier against numerous antibiotic molecules and the enzymes of the
periplasmic spaces which have the ability to breakdown foreign molecules [43]. Compared to ethanol, acetonic
extract showed more response to inhibit growth of all tested microorganisms. Variation of this result may be
due to the different potentiality of extraction using acetone and ethanol respectively. Result analysis indicates
that the acetonic and ethanolic extracts have antibacterial properties. A. catechu extracts may be used to develop
drugs against bacteriological diseases like infections caused by S. aureus [44], drugs against many common
bacterial infections, including cholecystitis, bacteremia, cholangitis, urinary tract infection (UTI), and traveller's
diarrhoea, and other clinical infections such as neonatal meningitis and pneumonia caused by E. coli [45], drugs
against inflammation and suppuration caused by Micrococcus species [46]. Ethanolic extract showed significant
results against all tested organisms and maximum for Micrococcus species; acetonic extract showed maximum
for E. coli with significant results against all tested microbes [47].
Another part of this research was to find out the potential cytotoxic activity of A. catechu. The brine shrimp
lethality bioassay is considered as a useful tool for the preliminary assessment toxicity [48] and normally
conducted to draw inferences on the safety of the plant extracts and to further depict trends of their biological
activities [49]. The dried extracts showed cytotoxicity at such a level that it could be termed as moderate
cytotoxicity compare to positive control according to Meyer et al., 1982 [34]. This can be caused due to the
presence of toxic ingredients in the active fraction that possess ovicidal properties [50]. The toxicity may be due
to the presence of cyanogenic glucosides present in the dried seeds [51]. Considerable interest arose regarding
the use of a synthetic cyanogenic glucoside as an alternative anticancer compound [52]. In vitro cytotoxic effect
showed by A. catechu extract can be an initial indicator of in vivo antitumor and anticancer activity. Therefore
isolation of active compounds and further cell line assay is required to eliminate cytotoxic compounds and to
develop potential anticancer agent [53]. Cytotoxicity can be caused due to wide range of phytochemicals which
have nonspecific cytotoxicity [53-55].
Conclusions
Here in vitro antibacterial and cytotoxic activity of the A. catechu extracts provide scientific footing to enhance
confidence in the traditional claims of its use, suggesting the isolation of bioactive components and the
elimination of toxic compounds, as well, through further bioassays. In-vivo trials would help to sort out active
compounds of the seed as pharmaceutical and therapeutic agents.
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